Ulcerative colitis (UC), one of the most common forms of chronic inflammatory bowel disease, is characterized by exacerbations and remissions. Even when conventional colonoscopy suggests remission and a normal mucosal finding, microscopic or histological abnormalities may persist, and relapse may be imminent. Confocal microendoscopy allows histological diagnosis during the endoscopic examination. High-resolution video-magnifying colonoscopy with chromoscopy enables the observation of colorectal mucosal pit patterns and prediction of the probability of subsequent disease relapse in patients in remission. Endoscopic ultrasonography provides an immediate and accurate evaluation of the health status of the colonic wall without the need to wait for histological results and provides an indication of the efficacy of treatment. These novel endoscopic techniques are useful for the evaluation of disease activity and the efficacy of treatment in patients with UC and the prediction of relapse.
Background
Ulcerative colitis (UC) is a chronic inflammatory bowel disorder which shows evidence of activation of the immune system of the colorectum, with exacerbations and remissions [1] [2] [3] [4] [5] . Disease activity in UC patients is usually assessed by clinical observation, laboratory data, and conventional colonoscopic examination, which allows superficial changes in the colonic mucosa to be discerned. For example, a combination of three simple clinical or biological criteria, namely, tachycardia, fever, and CRP, is useful in predicting response to cyclosporine [6] , and conventional colonoscopy is important in evaluating the severity and extent of UC and in the selection of treatments for patients with UC [7] . However, although the degree of inflammation as assessed by routine colonoscopy is a reliable parameter of disease activity, discrepancies between colonoscopic appearance and histopathologic abnormalities are sometimes seen in patients with clinically inactive disease. Even when routine colonoscopy suggests remission and a normal mucosal appearance, microscopic abnormalities may persist [8, 9] and relapse may be imminent. Riley et al. [10] reported that among 82 UC patients with symptomatic and endoscopic remission, 27 (33%) relapsed during the 12-month followup. Relapse rates were unrelated to the duration or extent of disease or the type of maintenance drug treatment. In patients with an acute inflammatory cell infiltrate 52% relapsed, whereas in the absence of such an infiltrate only 25% relapsed (P = 002). Various techniques which enable the diagnosis of many types of gastrointestinal lesions have been developed, such as magnifying endoscopy and chromoendoscopy [11, 12] , which enables the diagnosis of many types of gastrointestinal lesions. A recently developed highresolution video-magnifying colonoscope has enabled the observation of pit patterns on the surface of the colorectal mucosa. This in turn allows an understanding of the morphological relationship between the pit patterns detected colonoscopically and crypts observed histopathologically [13] [14] [15] [16] [17] . Confocal microscopy is a technique that provides clear microscopic images by using small apertures [18] .
Ulcers
Laser light that enters through an illumination aperture is focused on a sample by the objective lens, and excitation light given off by a fluorescent dye passes through a confocal aperture and is converted into an electrical signal by a detector. At points away from the focal plane, the excitation light is weak and also cannot pass through the confocal aperture. Because signals from out-of-focus areas are thus doubly weakened, this allows selective detection of signals from the focal plane alone. Confocal microscopy allows the observation of living cells in vivo and histological examination of the mucosal layer, which can be done at the time of colonoscopy to enhance diagnostic precision and guide subsequent therapeutic strategies. A recent report [19] in 83 Italian patients with moderate to severe UC assessed by clinical measures, endoscopic criteria, as well as US showed that both US and endoscopy were more predictive of disease outcome than clinical criteria. Recent technical progress in endoscopic ultrasonography (EUS) has facilitated the acquisition of information about the transmural structure of the bowel wall in UC patients even more precisely [20] [21] [22] [23] [24] . Because EUS findings correlate with histological findingsan increased number of cells infiltrating the lamina propria result in an increased mucosal thickness-EUS can be used to objectively evaluate the degree of vertical spread of intestinal inflammation in UC. EUS also has been reported to be useful in predicting the occurrence of relapse in UC patients in remission [22] .
Here, we discuss confocal endomicroscopy, a novel endoscopy technique which is predictive of the efficacy of therapies in patients with UC, endoscopic factors in magnifying colonoscopy that may predict the probability of subsequent disease relapse in UC patients in remission, and the usefulness of EUS as a diagnostic technique to assess disease status. We also reconsider the value of endoscopy in the treatment of patients with UC.
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Histologic Assessment by Confocal Endomicroscopy in
Patients with Ulcerative Colitis. Definitive diagnosis using conventional endoscopy requires the histologic examination of a targeted biopsy, but this can take a number of days and carries the risk of bleeding. The ability to make a definitive diagnosis during endoscopy without biopsy would be useful. Confocal endomicroscopy, a recently developed method which provides high-magnification images of the gastrointestinal epithelium [25] , is primarily characterized by its ability to obtain images of cellular and subcellular structures of the gastrointestinal mucosa during endoscopic examination. The aim of this technique is to develop a tool that can offer "virtual" histology diagnosis without the need to take biopsy samples. This method has been used to examine neoplastic lesions in the upper and lower gastrointestinal tract [18, [26] [27] [28] [29] [30] and in UC has been shown to provide information equivalent to conventional histology ( Figure 1 ) [31] . Confocal endomicroscopy is also useful for predicting hypervascularization as an activity parameter in patients with UC. Neumann et al. [32] reported that confocal endomicroscopy clearly demonstrated hypervascularization and vessel leakiness in patients with UC. Tarnawski et al. [33] reported that confocal endomicroscopy demonstrated impaired mucosal regeneration, persistent inflammation, abnormal microvasculature, and increased vascular permeability in vivo in normal appearing colonic mucosa of patients with UC in remission. To our knowledge, the association of the changes detected by confocal microscopy with increasing risk of relapse has not been reported. However, confocal endomicroscopy is considered a promising diagnostic tool that will allow "virtual" histology and has the potential to monitor patients with UC, even in those with macroscopically normal mucosa.
Assessment by Magnifying Colonoscopy Predicts Relapse in
Patients with Quiescent Ulcerative Colitis. Various attempts have been made over many years to observe the magnified features of the gastrointestinal mucosa by stereomicroscopy of resected specimens. In their 1980 stereomicroscopy study of biopsy specimens from the rectal mucosa of UC patients, Poulsen et al. [34] identified microstructural abnormalities on the mucosal surface in almost every patient as well as a close correlation between stereomicroscopic features and clinical disease activity, sigmoidoscopic findings, and histologic activity of the disease. In particular, they compared colonoscopic findings in UC patients with stereomicroscopic findings in biopsy specimens and found a close correlation between the number of crypt openings and clinical disease activity. Recent advances in high-resolution videomagnifying colonoscopy have enabled observation of the surface microstructure of colorectal mucosa, with results approaching the diagnostic capability of the stereomicroscope [35] . The diagnostic ability of magnifying colonoscopy in histological disease activity has been confirmed in patients with both inactive and active UC. Furthermore, use of the high-resolution video colonoscope facilitates the differentiation of quiescent from inflamed mucosa [15, [36] [37] [38] . Moreover, it is not unusual for routine colonoscopy performed to assess UC stage to show quiescent colitis despite the histological persistence of inflammation [9, 10, 39] , which later results in the clinical relapse [10] . Again, the high-resolution video colonoscope may allow in vivo optical biopsy so as to guide subsequent therapeutic strategies.
We performed magnifying colonoscopy (MCS) in 113 patients with ulcerative colitis in remission [40] and evaluated the relationship between pit patterns and histological disease activity. The term "pit" refers to the orifices of the colorectal crypts, and the "pit pattern" is the specific arrangement of the opening of an individual crypt. In UC patients, pit pattern may be influenced by the process of destruction and regeneration of glandular ducts. We classified "pit patterns" in the rectal mucosa into four MCS grades (grade 1, n = 19; grade 2, n = 44; grade 3, n = 35; grade 4, n = 15) on the basis of size, shape, and arrangement (Figure 2 ). Histological disease activity was found to increase with increasing MCS grade (P = .0001). Follow-up for at least 12 months after the start of the study was possible in all patients. During the study, 33 Recent studies [41] [42] [43] [44] [45] have shown that cytokine measurement can detect subtle but ongoing escalation of the inflammatory process in the mucosa of patients with inflammatory bowel disease (IBD) before clinical symptoms and endoscopic inflammation are apparent. IL-8, a member of the chemokine subfamily, attracts and activates primarily neutrophils, and elevation of IL-8 activity is in fact a wellknown phenomenon in UC patients [46, 47] . Yamamoto et al. [45] reported that mucosal Il-8 levels predicted future exacerbations of UC. We examined the association between mucosal pit patterns as assessed by magnifying colonoscopy and mucosal IL-8 activity and also evaluated whether this chemokine is able to predict clinical relapse in UC patients [40] . Results showed that mucosal IL-8 activity correlated positively with MCS grade, but that was a less useful predictor of clinical relapse than MCS grade. Moreover, although MCS grade correlated positively with histological grade and mucosal IL-8 activity, these latter two parameters were less accurate predictors of disease relapse. MCS allows the observation of a wider and more representative area of the colorectal mucosa than biopsy specimens, and MCS grading may be a more accurate predictor of clinical relapse than histological grading. 
Role of Endoscopic Ultrasonography in Predicting the Response to Cyclosporin A in Ulcerative Colitis Refractory to
Steroids. In acute exacerbation of UC, histological findings show diffuse infiltration of neutrophils with accumulation inside and around the crypt epithelium of the affected mucosa [48, 49] . Recent improvements in ultrasonography technology, particularly the development of ultrasonic catheter miniature probes, have made possible the simple and detailed evaluation of the colorectal wall structure, and several ultrasonic catheter probe techniques for the assessment of disease activity in UC patients have been introduced [22, 23] . Using this technique, Hurlstone et al. [23] reported that mucosa and submucosa were significantly thicker in Matts' histopathological grade [8] 3b and 4 disease than in earlier Matts' grades. In their 1-year prospective study of patients with UC who were receiving remission maintenance therapy [22] , Higaki et al. reported that the thickness of the first to the third layer of the rectal wall, as evaluated by EUS at the beginning of the study, was significantly greater in the relapse group than that in the nonrelapse group, which demonstrated the usefulness of EUS in predicting the occurrence of clinical relapse of UC. We reported [50] a significant correlation between histological grading as determined by Riley's score and thickness of the rectal mucosa as determined using an ultrasonic catheter probe (Figure 3 ), which in turn suggested that the thickness of the rectal mucosa may reflect the intensity of histological inflammation. EUS is also effective for predicting the response to therapies in UC. We treated 15 UC patients who did not respond to high doses of corticosteroids with CsA. Colonoscopy and EUS were undertaken before and 20 days after CsA therapy. Following treatment with CsA, nine patients showed a decrease in CAI score by six points or more and were defined as responders, while the other six were defined as nonresponders. EUS measurement using an ultrasonic catheter probe showed that thickness of the rectal mucosal layer before CsA was significantly greater in responders than that in nonresponders (P < .05). We found that the ultrasonic catheter probe was a useful means of predicting and evaluating the efficacy of CsA treatment in severely ill UC patients. In this study, EUS was done by a single 
Discussion and Conclusions
In this paper, we evaluated the potential application of three new endoscopic techniques, confocal endomicroscopy, magnifying colonoscopy, and EUS, in UC patients. These techniques highlight the frequent discrepancy between macroscopic and microscopic findings in UC. Early reports that these imaging modalities may play an important role in the assessment and medical management of UC patients are encouraging. However, the presence of variability among endoscopists in interpreting these specialized images should be kept in mind as most reports have not considered this important point. When we consider the application of these novel techniques to Crohn's disease (CD) patients, diagnostic observation of the magnified features of the gastrointestinal mucosa may not be particularly useful, because CD is a transmural disease. However, EUS in CD patients is useful in the assessment of perianal lesions [51] , and the combined use of EUS in combination medical and surgical therapy for perianal CD improves outcomes. Novel endoscopic techniques are useful in the evaluation of disease activity and prediction of clinical relapse in patients with UC, and in the detailed evaluation of the efficacy of treatment. However, because the published literature on this topic is small, the present encouraging preliminary findings will have to be confirmed in larger, more rigorous studies to show the advantage of these new endoscopic methods over currently available disease activity assessment tools.
